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AGENTS AND METHODS FOR ENHANCING 
CONTRAST IN ULTRASOUND IMAGING 

This is a continuation of U.S. application Ser. No. 
08/387,612, filed Feb. 13, 1995, abandoned which is a 
continuation of U.S. application Ser. No. 07/536,377, filed 
Jun. 11, 1990, now abandoned, which is a continuation of 
Ser. No. 07/305,820, Feb. 3, 1989, now abandoned. 

The invention relates to microparticles comprising a 
biodegradable synthetic polymer, a process for their prepa- 
ration and their use as a diagnostic and therapeutic agent. 

It is known that cardial echo contrasts can be achieved 
through peripheral injection of solutions which contain fine 
gas bubbles (Roelandt J, Ultrasound Med Biol 8: 471-492, 
1962). These gas bubbles are obtained in physiologically 
compatible solutions, e.g. through shaking, other agitation 
or through the addition of carbon dioxide. However, they are 
not standardized in terms of number and size and cannot be 
adequately reproduced. Also, they are as a rule not stabilized 
so that their service life is short. Their average diameters are 
generally above the erythrocyte size so that it is not possible 
to obtain pulmonary capillary passages with subsequent 
contrasting of organs such as the left heart, liver, kidneys or 
spleen. Furthermore, they are not suitable for quantifications 
since the ultrasonic echo which they produce is made up 
from several processes which cannot be separated from each 
other such as the formation of the bubbles, coalescence and 
dissolution. Thus, it is not possible, for example, to obtain 
definite details on the transit times with the aid of these 
ultrasonic contrast agents by measuring the contrast path in 
the myocardium. This requires contrast agents whose dis- 
persal bodies are not subject to their own kinetics. 

In addition, there are ultrasonic contrast agents in the 
form of particles (Ophir, Gobuty, McWhirt, Maklad, Ultra- 
sonic Backscatter from Contrast-producing Collagen 
Microspheres, Ultrasonic Imaging 2:66-67, 1980). 
Furthermore, solutions of a higher density are used as 
ultrasonic contrast agents (Ophir, McWhirt, Maklad, Aque- 
ous Solutions as Potential Ultrasonic Contrast Agents, Ultra- 
sonic Imaging 1:265-279, 1979 as well as Tyler, Ophir, 
Maklad, In-vivo Enhancement of Ultrasonic Image Lumi- 
nance by Aqueous Solutions with High Speed of Sound, 
Ultrasonic Imaging 3:323-329, 1981). It is also known to 
use emulsions as ultrasonic contrast agents (Mattrey, Andre, 
Ultrasonic Enhancement of Myocardial Infarction with Per- 
fluorocarbon Compounds in Dogs, Am J Cardiol 54: 
206-210, 1984). 

It has been seen that, overall, the gas-free contrast agents 
only have a low efficiency. The gas-containing preparations 
have the disadvantage of only a slight in-vivo stability. 
Furthermore, the size of the gas bubbles can generally not be 
standardized. As a rule, adequate contrast effects are not 
possible in the arterial vessel system after a peripheral 
veinous injection. 

In EP A2 123 235 and 0 122 624 ultrasonic contrast 
agents are described which contain small gas bubbles and 
which pass through the pulmonary capillaries producing the 
desired contrast effect. 

EP A2 0 224 934 describes ultrasonic contrast agents in 
the form of gas-filled gelatine or albumin hollow bodies. 
However, the disadvantage here is the use of foreign-body 
albumens or denatured albumens belonging to the body and 
thus the associated risk of allergy. 

With none of the ultrasonic contrast agents known up 
until now, is it possible to represent the organs with sufficient 
signal intensity through selective concentration after an i.v. 
dose. Quantifications are therefore not possible at the 
present time. 



Contrast agents on the basis of microparticles which in 
addition to a determinable and reproducible volume have a 
considerably longer service life that previously known, offer 
good comparability without allergic potential and can be 
5 concentrated intracellular^ in RES and thus also in the liver 
or spleen. 

This is achieved in accordance with the invention by 
microparticles which consist of amylase or a synthetic 
biodegradable polymer and a gas and/or a fluid with a 

10 boiling point below 60° C. 

Polyesters of a-,|3-,Y- or e-hydroxy carbonic acids, 
polyalkyl-cyanoacrylales, polyamino acids, polyamides, 
polyacrylated saccharides or polyorthoesters are named as 
synthetic biodegradable polymers. 

15 The following have proved particularly suitable: 
polylactic acid, 
poly-e-caprolaclo ne , 

a copolymer of lactic acid and glycol acid or e-caprolactone, 
polyhydroxybutyric acid, 
20 polyhydroxyvaleric acid, 

copolymers of hydroxybutyric and hydroxyvaleric acid, 
polymers of glutamic acid and/or lysine, 
polydioxanone, 

polymers or copolymers of amino acids and/or 
25 tercphthalic acid, phthalic acid or sebacic acid, 

polyacryldcxtran, 

polyacryl starch, 

polyacrylamide, 

polyurethane, 
30 polyester, 

polyacetal, 

polyaminotriazole or 

polyalkylcyanoacrylate. 
Starch or starch derivatives can also be contained in the 
35 microparticles. Amyloses have proved particularly suitable 

since these starch derivatives have excellent water solubility 

and the ability to form inclusion compounds. 
Amyloses which arc particularly suitable arc the cyclo- 

dextrins and their derivatives, by way of example a, [3, and 
40 v-cyclodextrin. 

The microparticles contain gases and/or fluids with a 

boiling point below 60° C. in free or bonded form. The use 

of a gas-fluid mixture in the ultrasonic contrast agents is 

likewise possible. 
45 Cases used can be for example air, nitrogen, inert gases, 

hydrogen, carbon dioxide, ammonia, oxygen, methane, 

ethane, propane, butane, ethylene or other hydrocarbons or 

their mixtures. 

Preferred fluids which can be included are: 
so 1,1-dichloroethylcnc, 

2-mefhyl-2-butene, 

isopropyl chloride, 

2-methyl-l,3-butadiene, 

2- butyne, 

55 2-methyl-l-butene, 

dibromodifluoromethane, 
furan, 

3- methyl-l-butene, 
isopentane, 

60 diethylether, 

3,3-dimethyl- 1 -butyne, 

dimethylaminoacetone, 

propylene oxide, 

N-ethylmethylamine, 
65 bromomethane, 

n-ethyldimethylamine, 

methylene chloride, 
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pentane, 

cyclopentane, 

2,3-pentadiene, 

cyclopentene 

or mixtures thereof. 

The microparticles can also contain advantageously sub- 
stances with low steam pressures and/or low boiling points, 
in particular ethereal oils. 

It is particularly advantageous to coat the microparticles 
which consist of amylase with a coating substance. The 
microparticles can thereby be encased in oils, fats and/or 
surface-active substances and suspended in an aqueous 
medium. 

It is particularly advantageous to encase the micropar- 
ticles which consist of amylase in a matrix, more particularly 
of a polymer structure. 

The physiological isotony can be set by the addition of 
osmotically active substances such as cooking salt, 
galactose, glucose, or fructose. 

An advantageous process for preparing the ultrasonic 
contrast agents according to the invention consists in dis- 
solving a polymer or copolymer in one or more organic 
solvents which are not miscible with water, followed by 
emulsification in water, possibly with the addition of a 
further solvent, and then filtering and, if required, drying the 
emulsion obtained. 

A further process consists in dissolving a polymer or 
copolymer in one or more solvents which contain gas 
bubbles, after which it is precipitated or emulsified in water, 
if required with the addition of a further solvent or a further 
polymer, and then the suspension or emulsion which has 
been obtained is then Altered and, if required, dried. The 
freeze-drying process is also suitable as a finishing process. 

The products obtained can advantageously be finely 
ground. 

In the processes described, the solvents used can be for 
example furan, pentane, acetone, dioxen, ethyl acetate, 
xylol, methylene chloride, cyclohexane or hexane or solvent 
mixtures. Emulsificrs can also be added to the emulsion. 

In a further variation of the manufacturing process, 
instead of polymers, monomers are used as the starting 
product from which the polymer is formed. With this 
process, a monomer is dissolved in one or more organic 
solvents and then emulsified in 5-30 parts water or 0.01-0.1 
N hydrochloric acid, if required with the addition of emul- 
sifiers or buffer substances at a temperature below the 
boiling point of the organic solvent, after which a 0.2%-20% 
aqueous solution of a second monomer or, if required, the 
solution of a substance increasing the pH-value is added to 
this emulsion and dried if required. 

In another method of operation, a monomer is dissolved 
or dispersed in one or more fluids containing gas bubbles, if 
required with the addition of emulsifiers or buffer sub- 
stances. If required, a 0.2%-20% solution of a second 
monomer or a substance increasing the pH-value in dis- 
solved or gaseous form is added to this solution or dispersion 
and dried, if required. 

Tiy way of example, terephthaloyl- or sebacoylchloride or 
cyanacrylic acid ester is used as a first monomer, L-lysine as 
the second monomer and for example 2-methyl-l,3- 
butadiene, dioxane, methylene chloride, toluene or cyclo- 
hexane is used as the organic solvent. 

According to a further process, the ultrasonic contrast 
agents are prepared by producing gas bubbles in a 0.5-10% 
aqueous solution or dispersion of a monomer which contains 
if required additives such as emulsifiers (0.01-5%) or quasi 
emulsifiers (0.1-5%), and then by adding a cross-linking 
substance and/or a reaction starter. 
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The ultrasonic contrast agents described above can be 
used for both diagnostic and therapeutic processes. 

The application of the agents is for example by injection. 

Details, e.g., dosages and procedures, etc., are in accor- 
5 dance with those used for analogous agents in ultrasound 
imaging, e.g., are described in the publications mentioned 
herein and, e.g., in U.S. Pat. No. 4,276,885, all of which are 
fully incorporated by reference. 

The invention will be explained by the following 
to examples: 

EXAMPLE 1 

500 mg of polylactide were dissolved in 4 ml of furan and 
1S 0.6 ml of cyclohexane and this solution was emulsified in 40 
ml of a 0.1% solution of polyoxyethylcnc polyoxypropylene 
polymer with a molecular weight 12,000 (Pluronic® F 1 27), 
with the temperature being kept beneath 15° C. during 
emulsifying. The temperature was then slowly raised to 
„ Q evaporate off the organic solvent. The resulting suspension 
was then freeze-dried. 

EXAMPLE 2 

300 mg of a-cyanoacrylic acid butyl ester were dissolved 
25 in 1 ml of furan and this solution was emulsified in 10 ml of 
0.1 N hydrochloric acid which contained 1% polyoxycthyl- 
ene polyoxypropylene polymer with a molecular weight of 
12,000 (Pluronic® F 127), with the temperature being kept 
beneath 15° C. during emulsifying. At the end of polymer- 
30 ization the resulting suspension was freeze-dried. 

EXAMPLE 3 

200 mg of a-cyanoacrylic acid butyl ester were dissolved 
3J in 0.4 ml of isoprcne and emulsified in 30 ml of 0.01 N 
hydrochloric acid which contained 1% polyoxyethylene 
polyoxypropylene polymer with a molecular weight 8,350 
(Pluronic® F 68), with the temperature being kept beneath 
10° C. during emulsifying. At the end of the polymerization 
4Q the suspension was neutralized with 0.1 N NaOH and 
isotonized with sodium chloride. 

EXAMPLE 4 

400 mg of a-cyanoacrylic acid butyl ester were dissolved 
45 in 0.4 ml of methylene chloride and emulsified in 60 ml of 
0.01 N hydrochloric acid which contained 1% polyoxyeth- 
ylene polyoxypropylene polymer with a molecular weight 
12,000 (Pluronic® F 127), with the temperature being kept 
beneath 10° C. during emulsifying. At the end of polymer- 
50 ization the suspension was neutralized with 0.1 N soda lye 
and isotonized with sodium chloride. 

EXAMPLE 5 

55 400 mg of polycaprolactone were dissolved in 6 ml of 
furan and 0.3 ml of cyclohexane and emulsified in 60 ml of 
1% polyoxyethylene polyoxypropylene polymer with 
molecular weight 12,000 (Pluronic® F 127), with the tem- 
perature being kept beneath 15° C. The temperature was 

6Q then slowly raised to evaporate off the organic solvent. The 
resulting suspension was then freeze-dried. 

EXAMPLE 6 

400 mg of terephthalic acid dichloride were dissolved in 
65 2 ml of furan and then emulsified in 50 ml of 3% sodium 
carbonate solution which contained 0.1% polyoxyethylene 
polyoxypropylene polymer with a molecular weight 12,000 
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(Pluronic® F 127). After the addition of 60 mg of I. -lysine, room temperature in a 200 cc autoclave. The crystalline 

dissolved in 5 ml of 0.1% Pluronic F 127, the micro capsules adduct could be sucked off, washed with cold water and 

were centrifuged and washed several times with 0.1% Plu- dried via calcium chloride in the exsiccator, 
ronic F 127 solution. Before use, the suspension was iso- 

tonized with sodium chloride. 5 EXAMPLE 14 

Carbon Dioxidc/a-Cyclodextrin-Inclusion Compound 

EXAMPLE 7 100 ml of saturated a-cyclodextrin solution (about 12%) 

P-Cyclodextrin-Isopentane-Inclusion Compound were incubated for 7 days at room temperature under 7 

100 ml of saturated P-cyclodextrin solution (1.8%) were atmospheres carbon dioxide in a 20 cc autoclave. The 

cooled to 10° C. and mixed with 3 ml of isopenlane. The io crystalline adduct could be drawn off, washed with cold 

resulting difficultly soluble complex was precipitated with water and dried via calcium chloride in the exsiccator, 
constant stirring in the ultrasonic bath. The deposit ' 
obtained in crystalline form through freeze-drying and fil- 



EXAMPLE 15 



tration. Isopentane content according to GC calculation Isopentane/hydroxypropyl-P-cyclodextrin-inclusion 

:0.25% 15 compound: 15 ml of 20% hydroxpropyl-fi-cyclodextrin 

solution were mixed with 2 ml of isopentane at 10° C, 

EXAMPLE 8 ultrasounded for 3 minutes in the ultrasonic bath and then 

(3-Cyclodextnn-2-Methyl-2-Butenc-Inclusion Compound incubated for 26 hours. The resulting complex remained in 

100 ml of saturated p-cyclodextrin solution (1.8%) were solution, 

cooled to 10° C. and mixed with 3 ml of 2-methyl-2-butene. 20 

The resulting difficultly soluble complex was precipitated EXAMPLE 16 
with constant stirring in the ultrasonic bath. The deposit was Isoprene/Hydroxypropyl-P-Cyclodextrin-Inclusion Corn- 
obtained in crystalline form through freeze-drying and ftl- pound 

tering. 15 ml of 20% hydroxypropyl-p-cyclodextrin solution 

2S were mixed with 2 ml of isoprene at 10° C, ultrasounded for 

EXAMPLE 9 3 minutes in the ultrasonic bath and then incubated for 26 

P-Cyclodextrin-2-Methyl-l-Butene-Inclusion Compound hours. The resulting complex remained partly in solution 

100 ml of saturated P-cyclodextrin solution (1.8%) were and precipitated partly as a white deposit, 
cooled to 10° and mixed with 3 ml of 2-methyl-l-butene. 

The resulting difficultly soluble complex was precipitated 30 EXAMPLE 17 

with constant stirring in the ultrasonic bath. The deposit was Furan/Hydroxypropyl-p-Cyclodextrin-lnclusion Compound 

obtained in crystalline form through freeze-drying and fil- 15 ml of 20% hydroxypropyl-p-cyclodextrin solution 

tering. 2-methyl-l-butene content according to GC calcula- were mixed with 2 ml of furan at 10° C, ultrasounded for 3 

tion: 0.82% minutes in the ultrasonic bath and then incubated for 26 

35 hours. The resulting complex remained partly in solution 

EXAMPLE 10 " and partly precipitated as a white deposit. 
P-Cyclodcxtrin-Isoprcnc-Inclusion Compound 

100 ml of saturated p-cyclodextrin solution (1.8%) were EXAMPLE 18 

cooled to 10° C. and mixed with 3 ml of isoprene. The Isopentane/a-Cyclodextrin-Inclusion Compound 

resulting difficultly soluble complex was precipitated with 20 ml of saturated ac-cyclodextrin solution were mixed 

constant stirring in the ultrasonic bath. The deposit was 40 with 1 ml ° f isopentane and ultrasounded for 3 minutes in 

obtained in crystalline form through freeze-drying and fil- the ultrasonic bath. The resulting difficultly soluble complex 

tering, was obtained through filtration and dried via calcium chlo- 

Isoprene content according to GC calculation: 1.0% ride - 

EXAMPLE 11 45 EXAMPLE 19 

P-Cyclodextrin-Isopropylchloride-Inclusion Compound Isoprene/a-Cyclodextnn Inclusion Compound 

100 ml of saturated P-cyclodextrin solution (1.8%) were 20 ml ot saturated ct-CD-solution were mixed with 1 ml 

cooled to 10° C. and mixed with 3 ml of isopropylchloride. of isoprene and ultrasounded for 3 minutes in the ultrasonic 
The resulting difficultly soluble complex was precipitated bath - ^ resulting difficultly soluble complex was obtained 

with constant stirring in the ultrasonic bath. The deposit was 50 through filtration and dried via calcium chloride, 
obtained in crystalline form through freeze-drying and fil- EXAMPLE 20 

So ^° pr ° Pylchl0ride COntenl aCC ° rding ,0 GC Calcula " Furan/a-Cyclodextrin-Inclusion Compound 

20 ml of saturated a-cyclodextrin solution were mixed 

EXAMPLE 12 5S w ' ln * m ' °^ f uran ant * ultrasounded for 3 minutes in the 
P-Cyclodcxtrin-Isopentane-Inclusion Compound ultrasonic bath. The resulting difficultly soluble complex 

100 ml of saturated P-cyclodextrin solution (1 .8%) were was oblained throu 8 n Utra,I0n and dned via calcmm chl °- 
cooled to 10° C. and mixed with 3 ml of isopentane. The nde ' 

resulting difficultly soluble complex was precipitated with EXAMPLE 21 

constant stirring in the ultrasonic bath. The deposit was 60 

obtained in crystalline form through freeze-drying and fil- 4 g of eucalyptol was added dropwise to 100 ml of 

tering. saturated a-cyclodextrin-solution (5° C.) in an incubation 

chamber while being ultrasounded and was ultrasounded for 
EXAMPLE 13 a further 30 min. Thereafter the incubation chamber was 

Xenon/a-Cyclodextrin-Inclusion Compound 65 shaken in a cooled, closed vessel for 48 hours. The resulting 
100 ml of saturated a-cyclodextrin solution (about 12%) precipitate was filtered off, washed with cold ethanol, frozen 
were incubated under 7 atmospheres xenon for 7 days at in liquid nitrogen and freeze dried. 



us 6,1 : 

7 

EXAMPLE 22 

100 ml of saturated p-cyclodcxtrin-solution was ultra- 
sounded with 2 g Geraniol at 5° C. for 4 hours and thereafter 
incubated for 24 hours at 5° C. The resulting precipitate was 
filtered off, washed with cold ethanol, frozen in liquid 
nitrogen and freeze dried. 

The following applies to Examples 7-22 

The crystalline deposit was absorbed after cleaning in a 
suitable aqueous medium, preferably physiological cooking 
salt, glucose or ringer solution and was then ready for 
injection. 

What is claimed is: 

1. A method of enhancing an ultrasound image of a liquid 
which comprises administering an effective amount of an 
ultrasound imaging contrast agent to said liquid and obtain- 
ing an ultrasound image of said liquid, said ultrasound 
imaging contrast agent comprising: 

(i) microparticles comprising a synthetic biodegradable 
polymer and a gas and/or fluid having a boiling point 
below 60° C; and 

(ii) a pharmaceutically-acceptable carrier, 

with the proviso that the synthetic biodegradable polymer is 
not a denatured protein material. 

2. A method of enhancing an ultrasound image of a liquid 
within a living patient which comprises administering an 
effective amount of an ultrasound imaging contrast agent to 
said liquid and obtaining an ultrasound image of said liquid 
within the living patient, said ultrasound imaging contrast 
agent comprising: 

(i) microparticles comprising a synthetic biodegradable 
polymer and a gas and/or fluid having a boiling point 
below 60° C; and 

(ii) a pharmaceutically-acceptable carrier. 

with the proviso that the synthetic biodegradable polymer is 
not a denatured protein material. 

3. A method of enhancing an ultrasonic image of a patient 
comprising administering an ultrasound imaging contrast 
agent to a patient, said ultrasound imaging contrast agent 
comprising: 

(i) walls which comprise a synthetic biodegradable 
polymer, said walls encapsulating a gas and/or fluid 
having a boiling point below 60° C. effective to 
enhance an ultrasound image; and 

(ii) a pharmaceutically-acceptable carrier, 

with the proviso that the synthetic biodegradable polymer is 
not a denatured protein material. 

4. A method of claim 3 wherein the polymer is a polyester 
of an a-, |3-, y-, or e-, hydroxycarbonic acid; a polyamino 
acid; a polyamide; a polyacrylated saccharide; or a poly- 
orthoester. 

5. An ultrasound imaging contrast agent comprising: 
microparticles comprising a synthetic biodegradable 

polymer and an amount of a gas and/or fluid having a 
boiling point below 60° C. effective for ultrasound 
imaging contrast; and 
a pharmaceutically acceptable carrier, 
with the proviso that the synthetic biodegradable polymer is 
not a denatured protein material, and said agent being 
pharmacologically acceptable for administration to a human 
by injection. 

6. An ultrasound imaging contrast agent of claim 5, 
wherein said polymer is a polyester of an a-, |3-, y-, or t-, 
hydroxycarbonic acid a polyamino acid, a polyacrylated 
saccharide or a polyorthoester. 

7. An ultrasound imaging contrast agent of claim 5, com- 
prising said gas which is air, nitrogen, oxygen, carbon 
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dioxide, hydrogen, ammonia, ethylene, methane, ethane, 
propane, butane, or a mixture thereof. 

8. An ultrasound imaging contrast agent of claim 5 further 
comprising an amount of an osmotically active substance 

5 effective to render said agent physiologically isotonic. 

9. An ultrasound imaging contrast agent of claim 7, 
wherein the gas is air, nitrogen, oxygen or a mixture thereof. 

10. An ultrasound imaging contrast agent according to 
claim 5, comprising said gas which is an inert gas. 

10 11. An ultrasound imaging contrast agent of claim 5, 
wherein said polymer is a polyamide. 

12. An ultrasound imaging contrast agent injectable into 
humans comprising: 

walls which comprise a synthetic biodegradable polymer, 
15 said walls encapsulating a gas and/or fluid having a 
boiling point below 60° C. effective to enhance an 
ultrasound image, and 
a pharmaceutically acceptable carrier, 
with the proviso that the synthetic biodegradable polymer is 
2U not a denatured protein material, and said agent being 
pharmacologically acceptable for administration to a human 
by injection. 

13. An ultrasound imaging contrast agent of claim 12, 
wherein the polymer of said microparticles is a polyester of 

25 an a-, B-, y-, or e-, hydroxycarbonic acid, a polyamino acid, 
a polyacrylated saccharide, or a polyorthoester. 

14. An ultrasound imaging contrast agent of claim 12, 
comprising said gas which is air, nitrogen, oxygen or a 
mixture thereof. 

30 15. An ultrasound imaging contrast agent of claim 12, 
wherein said polymer is a polyamide. 

16. Microparticles comprising a synthetic biodegradable 
polymer and a gas and/or a fluid with a boiling point below 
60° C. effective to enhance an ultrasound image of a human, 

35 with the proviso that the synthetic biodegradable polymer is 
not a denatured protein, and said microparticles being phar- 
macologically acceptable for administration to a human by 
injection. 

17. Microparticles of claim 16, wherein said polymer is a 
40 polyester of an a-, 3-, y-, or e-, hydroxycarbonic acid, a 

polyamino acid, a polyamide, a polyacrylated saccharide, or 
a polyorthoester. 

18. A process for the preparation of an ultrasound imaging 
contrast agent of claim 5 which comprises microparticles of 

45 a synthetic biodegradable polymer, comprising dissolving a 
synthetic biodegradable polymer in one or more organic 
solvents which are not miscible with water, emulsifying it in 
water, optionally after the addition of a further solvent, 
filtering the emulsion thus obtained and optionally drying it. 

50 19. A process for the preparation of an ultrasound imaging 
contrast agent of claim 5 which comprises microparticles of 
a synthetic biodegradable polymer, comprising dissolving a 
synthetic biodegradable polymer in one or more organic 
solvents containing gas bubbles and/or a fluid having a 

55 boiling point below 60° C, precipitating it or emulsifying it 
in water, optionally after adding a further solvent or a further 
polymer, filtering the suspension or emulsion thus obtained 
and optionally drying it. 

20. A process according to claim 18, wherein furan, 
60 pentane, acetone, dioxane, ethylacetate, p-xylol, methylene 

chloride, cyclohexane, n-hexane or a mixture thereof is used 
as the solvent. 

21. A process according to claim 18, wherein an emulsi- 
fier is added to the emulsion. 

65 22. A process for the preparation of an ultrasound imaging 
contrast agent of claim 5 which comprises microparticles of 
a synthetic biodegradable polymer, comprising dissolving a 
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r for said polymer in one or more organic solvents ultrasound imaging contrast agent into the bloodstream of 

and emulsifying it in 5-30 parts water or 0.01-0.1 N the patient and obtaining an ultrasonic image of the heart, 

hydrochloric acid, optionally with the addition of an emul- said ultrasound imaging contrast agent comprising: 

sifter or a buffer substance, at a temperature below the (j) wa n s wh j c h comprise a synthetic biodegradable 

boiling point of the organic solvent, adding a 0.2-20% 5 polymer, said walls encapsulating a gas and/or a fluid 

aqueous solution of a second monomer, optionally adding to having a boiling point below 60° C. effective to 

the emulsion a solution of a substance which raises the pH enhance an ultrasound image; and 

value and optionally drying the emulsion a pharmaceutically . acceptable carricr> 

23. Aprocess for the preparation of an ultrasound imaging wi(b ^ isQ (hat , he ^ biode dabk , is 
contrast agent of claim 5 which comprises microparticles of 10 n0 , a dena(ured ^ ^ * ^ > arma . 
a synthetic biodegradable polymer, comprising driving or col icall acceptab i e for administration to a human by 
dispersing a monomer for said polymer in one or more fluids injection 

containing gas bubbles and/or a fluid having a boiling point 39 A method of daim 38 wherein ^ { of said 

below 60 C, optionally adding an emuls.fler and/or a buffer mi articles is a , ter of an p or „ d . 

substance, optionally adding to this solution or dispersion a 15 carbonjc acjd , ino acidj a po i yacry i a ted saccharide, 

0.2-20% solution of a second monomer or a substance or a polyorthoester 

which raises the pH value in dissolved or gaseous form, and 40 A melhod of c , aim 39 which ises said as which 

optionally drying. is air, nitrogen, oxygen or a mixture thereof. 

24. A process according to claim 22 where the first 41 A melhod of daim 1 wnerein me mi artides 
monomer is terephthaloyl- or sebacoyl chloride, L-lysine is 2 u comain a flujd wi , h a boj|i im bc]ow 60 » c wnich is 
the second monomer and 2-methyl-l,3-butadiene methyl- 1>wichloroelhvlene> 2 -methyl-2-butene, isopropylchloride, 
ene chloride, toluene, dioxane or cyclohexane is the organ.c 2 -methyl-l,3-butadiene, 2-butyne, 2-methyl-l-butene, 
solvent. isopentane, diethylether, 3,3-dimethyl-l-butyne, 

25. Aprocess for the preparation of an ultrasound imaging d ; m e t h y 1 a m i n o - a c e t o n e , p r 0 p y ] e n e oxide, 
contrast agent of claim 5 comprising microparticles of a 25 N .e,h y lmelh y lamine, brom0 methane, N-elhyldimelhyl 
synthetic biodegradable polymer, composing producing gas mcth lcnc ch)oridei lane> cyclopenlanc> 2 .3.- 
bubbles in a 0.5-10% aqueous solution of a monomer which pentadiene) cyc i open tene or a mixture thereof, 
optionally contains additives . . 42. A method of enhancing an ultrasonic image of a 

26. A method of claim 1 wherein the administration is to patjent comprising adminislering an ultrasound imaging 
a human by injection. .... 30 contrast agent to the patient, said ultrasound imaging con- 

27. A method ol claim 2 wherein the administration is lo lr „ c . „„„„, 

a human b in'ection irasi agent comprising. 

1 2 U 8 m A n me y thod ofdaim 4 wherein the administration is to ® microparticles which comprise » synthetic biodegrad- 

, , . . ,. able polymer and a gas and/or a fluid having a boiling 

a human by injection. ,,,-,„ poin be ow 60° C. effective to enhance an ultrasound 

29. An ultrasonic imaging contrast agent of claim 5 35 ■ d 
comprising said fluid which is 1,1-dichloroethylene, ,..™ a ^ e ' a " . „ 
2-methyl-2-butcnc, isopropylchloride, 2-methyl-l,3- (u) a pharmaceuticaUy-acceptable earner 
butadiene, 2-butyne, 2-mcthyl-l-butcne, isopentane, with the proviso that the synthetic biodegradable polymer is 
diethylether, 3,3-dimethyl-l-butyne, dimethylamino not a denatured protein material, said agent beng pharma- 
acetone, propylene oxide, N-ethylmethylamine, 40 cologically acceptable for administration to a human by 

bromomethane, N-ethyldimethyl amine, methylene injection. ,,„,.„ 

chloride, pentane, cyclopentane, 2,3-pentadiene, cyclopen- 43 - A method of clalm 42 whereln said polymer b a 

tene or a mixture thereof. polyester of an a-, |3-, y-, or e-, hydroxycarbonic acid, a 

30. An ultrasonic imaging contrast agent of claim 5 polyamino acid, a polyamide, a poiyacryiated saccharide, or 
comprising an ethereal oil. 45 a polyorthoester. 

31. An ultrasonic imaging contrast agent of claim 8 44 ' An ultrasound imaging contrast agent mjectable mto 
wherein said osmotically active substance is cooking salt, a human comprising: 

mannite, galactose, glucose or fructose. microparticles produced in an oil-in-water emulsion com- 

32. A method of claim 3 wherein the administration is by prising a synthetic biodegradable polymer and an 
injection. so amount of a gas and/or fluid having a boiling point 

33. A method of claim 3 additionally comprising taking an below 60° C. effective for ultrasound imaging contrast; 
ultrasound image of said patient after administration of said and 

ultrasound imaging contrast agent. a pharmaceutical^ acceptable carrier, 

34. A method of claim 1 wherein the synthetic biodegrad- with the proviso that the synthetic biodegradable polymer is 
able polymer is a polyamide. 55 not a denatured protein material, said agent being pharma- 

35. A melhod of claim 2 wherein the polymer of said cologically acceptable for administration to a human by 
microparticles is a polyester of an a-, (5-, y-, or e-, hydroxy- injection. 

carbonic acid, a polyamino acid, a poiyacryiated saccharide, 45. A method of claim 1 wherein said polymer is poly- 

or a polyorthoester. lactic acid, poly-e-caprolactone, a copolymer of lactic acid 

36. A method of claim 1 which comprises said gas which 60 and glycol acid or e-caprolactone, polyhydroxybutyric acid, 
is air, nitrogen, oxygen, carbon dioxide, hydrogen, polyhydroxyvaleric acid, a copolymer of hydroxybutyric 
ammonia, ethylene, methane, ethane, propane, butane or a and hydroxyvalcric acid, a polymer of glutamic acid and/or 
mixture thereof. lysine, polydioxanone, a polymer or copolymer of at least 

37. A method of claim 3 which comprises said gas which one amino acid and/or terephthalic acid, phthalic acid or 
is air, nitrogen, oxygen or a mixture thereof. 65 sebacic acid, polyacryldexran, polyacryl starch, 

38. A method of enhancing a cardial ultrasonic image of polyacrylamide, polyurethane, polyester, polyacetal, or 
a patient comprising injecting an effective amount of an polyaminotriazole. 
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46. A method of claim 2 wherein said polymer is poly- 
lactic acid, poly-e-caprolactone, a copolymer of lactic acid 
and glycol acid or e-caprolactone, polyhydroxybutyric acid, 
polyhydroxyvaleric acid, a copolymer of hydroxybutyric 
and hydroxyvaleric acid, a polymer of glutamic acid and/or 
lysine, polydioxanonc, a polymer or copolymer of at least 
one amino acid and/or terephthalic acid, phthalic acid or 
sebacic acid, polyacryldexran, polyacryl starch, 
polyacrylamide, polyurethane, polyester, polyacetal, or 
polyaminotriazole. 

47. A method of claim 3 wherein said polymer is poly- 
lactic acid, poly-e-caprolactone, a copolymer of lactic acid 
and glycol acid or e-caprolactone, polyhydroxybutyric acid, 
polyhydroxyvaleric acid, a copolymer of hydroxybutyric 
and hydroxyvaleric acid, a polymer of glutamic acid and/or 
lysine, polydioxanone, a polymer or copolymer of at least 
one amino acid and/or terephthalic acid, phthalic acid or 
sebacic acid, polyacryldexran, polyacryl starch, 
polyacrylamide, polyurethane, polyester, polyacetal, or 
polyaminotriazole. 

48. A method of claim 38 wherein said polymer is 
polylactic acid, poly-e-caprolactone, a copolymer of lactic 
acid and glycol acid or e-caprolactone, polyhydroxybutyric 
acid, polyhydroxyvaleric acid, a copolymer of hydroxybu- 
tyric and hydroxyvaleric acid, a polymer of glutamic acid 
and/or lysine, polydioxanone, a polymer or copolymer of at 
least one amino acid and/or terephthalic acid, phthalic acid 
or sebacic acid, polyacryldexran, polyacryl starch, 
polyacrylamide, polyurethane, polyester, polyacetal, or 
polyaminotriazole. 

49. A method of claim 42 wherein said polymer is 
polylactic acid, poly-e-caprolactone, a copolymer of lactic 
acid and glycol acid or e-caprolactone, polyhydroxybutyric 
acid, polyhydroxyvaleric acid, a copolymer of hydroxybu- 
tyric and hydroxyvaleric acid, a polymer of glutamic acid 
and/or lysine, polydioxanone, a polymer or copolymer of at 
least one amino acid and/or terephthalic acid, phthalic acid 
or sebacic acid, polyacryldexran, polyacryl starch, 
polyacrylamide, polyurethane, polyester, polyacetal, or 
polyaminotriazole. 

50. An ultrasound imaging contrast agent of claim 5 
wherein said polymer is polylactic acid, poly-e- 
caprolactone, a copolymer of lactic acid and glycol acid or 
e-caprolactone, polyhydroxybutyric acid, polyhydroxyva- 
leric acid, a copolymer of hydroxybutyric and hydroxyva- 
leric acid, a polymer of glutamic acid and/or lysine, 
polydioxanone, a polymer or copolymer of at least one 
amino acid and/or terephthalic acid, phthalic acid or sebacic 
acid, polyacryldexran, polyacryl starch, polyacrylamide, 
polyurethane, polyester, polyacetal, or polyaminotriazole. 

51. An ultrasound imaging contrast agent of claim 12 
wherein said polymer is polylactic acid, poly-e- 
caprolactone, a copolymer of lactic acid and glycol acid or 
e-caprolactone, polyhydroxybutyric acid, polyhydroxyva- 
leric acid, a copolymer of hydroxybutyric and hydroxyva- 
leric acid, a polymer of glutamic acid and/or lysine, 
polydioxanone, a polymer or copolymer of at least one 
amino acid and/or terephthalic acid, phthalic acid or sebacic 
acid, polyacryldexran, polyacryl starch, polyacrylamide, 
polyurethane, polyester, polyacetal, or polyaminotriazole. 

52. An ultrasound imaging contrast agent of claim 44 
wherein said polymer is polylactic acid, poly-e- 
caprolactone, a copolymer of lactic acid and glycol acid or 
e-caprolactone, polyhydroxybutyric acid, polyhydroxyva- 
leric acid, a copolymer of hydroxybutyric and hydroxyva- 



leric acid, a polymer of glutamic acid and/or lysine, 
polydioxanone, a polymer or copolymer of at least one 
amino acid and/or terephthalic acid, phthalic acid or sebacic 
acid, polyacryldexran, polyacryl starch, polyacrylamide, 
5 polyurethane, polyester, polyacetal, or polyaminotriazole. 

53. Microparticlcs of claim 16 wherein said polymer is 
polylactic acid, poly-e-caprolactone, a copolymer of lactic 
acid and glycol acid or e-caprolactone, polyhydroxybutyric 
acid, polyhydroxyvaleric acid, a copolymer of hydroxybu- 

10 tyric and hydroxyvaleric acid, a polymer of glutamic acid 
and/or lysine, polydioxanone, a polymer or copolymer of at 
least one amino acid and/or terephthalic acid, phthalic acid 
or sebacic acid, polyacryldexran, polyacryl starch, 
polyacrylamide, polyurethane, polyester, polyacetal, or 

15 polyaminotriazole. 

54. A method of claim 1, wherein the administration is by 
injection. 

55. A method of claim 2, wherein the administration is by 
injection. 

20 56. A method of claim 42, wherein the administration is 
by injection. 

57. A method of claim 1, 2, 3, 38 or 42, wherein said 
synthetic biodegradable polymer is polylactic acid, poly-e- 
caprolactone or a copolymer of lactic acid and glycol acid or 

25 e-caprolactone. 

58. An agent of claim 5, 12 or 44, wherein said synthetic 
biodegradable polymer is polylactic acid, poly-e- 
caprolactone or a copolymer of lactic acid and glycol acid or 
e-caprolactone. 

30 59. Microparticles of claim 16, wherein said synthetic 
biodegradable polymer is polylactic acid, poly-e- 
caprolactone or a copolymer of lactic acid and glycol acid or 
e-caprolactone. 

60. A method of claim 57, wherein said polymer is 
35 polylactic acid. 

61. An agent of claim 58, wherein said polymer is 
polylactic acid. 

62. Microparticlcs of claim 59, wherein said polymer is 
polylactic acid. 

40 63. A method of claim 57, wherein said polymer is 
poly-e-caprolactone. 

64. An agent of claim 58, wherein said polymer is 
poly-e-caprolactone. 

65. Microparticles of claim 59, wherein said polymer is 
45 poly-e-caprolactone. 

66. A method of claim 57, wherein said polymer is a 
copolymer of lactic acid and glycol acid or e-caprolactone. 

67. An agent of claim 58, wherein said polymer is a 
copolymer of lactic acid and glycol acid or e-caprolactone. 

50 68. Microparticlcs claim 59, wherein said polymer is a 
copolymer of lactic acid and glycol acid or e-caprolactone. 

69. A method of claim 1, 2, 3, 38 or 42, wherein said 
synthetic biodegradable polymer is a polymer of glutamic 
acid and/or lysine, a polymer or copolymer of at least one 

55 amino acid and/or terephthalic acid, or polyacrylamide. 

70. An agent of claim 5, 12 or 44, wherein said synthetic- 
biodegradable polymer is a polymer of glutamic acid and/or 
lysine, a polymer or copolymer of at least one amino acid 
and/or terephthalic acid, or polyacrylamide. 

60 71. Microparticles of claim 16, wherein said synthetic 
biodegradable polymer is a polymer of glutamic acid and/or 
lysine, a polymer or copolymer of at least one amino acid 
and/or terephthalic acid, or polyacrylamide. 
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